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(54) Refractory-carbon composite brake Iriction elements 



(57) A laminate of layers (L1 to L29) of carbon fibre 
precursor material is clamped in a CVI deposition appa- 
ratus, each except thetop layer carrying a layer of silicon 
powder granules (1) in a central zone (Z) thereof. The 
CVI process deposits carbon (from methane gas) on the 



silicon particles, which reacts in the solid state to form 
icon carbide and encapsulates the resulting SiC par- 
ticles and enabling a central wear resistant region to be 
formed within a peripheral machinable region. 
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Description 

[0001] The present invention relates to a method for 
the preparation of a refractory carbide-carbon compos- 
ite material with carbon fibre reinforcement, more par- 
ticularly to the preparation of a refractory carbide-carbon 
composite friction disc for aircraft brakes. 
[0002] The U3e of carbon-carbon (C-C) composite 
friction materials with carbon fibres in a carbon matrix is 
well known and tnte class of materials have found wide- 
spread use in aircraft braking systems where the prop- 
erties of low density, high heat capacity and ability to 
retain strength at elevated temperatures are desirable. 
However. C-C material is also found to have properties 
that are not desirable In aircraft brake applications such 
as oxidation at elevated temperatures, low static friction 
and variable dynamic friction, especially at low temper- 
atures and low speeds. In addition the wear rate at taxi 
speeds is found to be disproportionately high for the rel- 
atively small amounts of energy absorbed at those low 
speeds. The high cost of the C-C has limited its use as 
a friction material in non-aviation applications. 
[0003] Methods of manufacturing OC friclion materi- 
als are well known and typically involve a volume of car- 
bon fibres being restrained in a jig, in a mould or by nee- 
dling before densification by chemical vapour infiltration 
(CVI) or Impregnation and char of carbonaceous pitch 
and/or resin material. C-C friction materials typically 
have levels of porosity m the order of 1 0% - 25%. 
[0004] Methods of manufacturing C-C for brake fric- 
tion discs have been described in many patents and pat- 
ent applications Including WO SB743B09, US 3.553,533 
and technical papers such as Gebhardt et al (Pyrolitic 
carbon-carbon materials. 4^ National SAMPE Techni- 
cal Conference and Exhibition, Volume 4, pp 507 - 622). 
A form of non-woven fabric used in the manufacture of 
C-C brake friction discs is described in SB 2,01 2,871 
and a method for Incorporating such fabric Into compos- 
ttes Is given in EP 0546001 Bl . 
[0005] GB 2,137,974 teaches that Si or SiC can be 
mixed In the powder form with carbon to produce SiC 
bodies by a moulding route. US 4,532,091 gives details 
of porous bodies compacted from carbon with SiC par- 
ticles being immersed in molten silicon to produce a SIC 
body. 

[0006] It is known from EP 0S87572A1 that friction 
properties of C-C can be Improved by infiltrating with a 
refractory carbide forming element. WO 97/22915 and 
WO 97/1 81 76 describe methods for the manufacture of 
refractory composite bodies by infiltrating a porous C-C 
mfltrbc with liquid refractory so that a proportion of the 
carbon matrix In the C-C Is converted to the refractory 
carbide. An example of a refractory element used is sil- 
icon, which in the molten state Infiltrates the carbon to 
react and convert a proportion of the carbon matrix to 
silicon carbide. Silicon, when molten, wets the surface 
of carbon very readily and this allows excellent penetra- 
tion of the silicon along carbon fibres and into fibre bun- 
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dies known as tows. The ease with which silicon wets 
carbon aids penetration and diffusion of the silicon 
through the pores Into the body of the C-C. 
[0007] Such refractory carbide containing composites 

s need final machining, even when near-net shape C-C 
parts are prepared. However, because of the hard, brit- 
tle nature of the refractory carbide, which is uniformly 
distributed in the matrix, machining of these materials 
can be very difficult, requiring expensive tooling and re- 

10 suiting In high scrap rates. Areas of aircraft brake discs 
that are particularly difficult to machine include the drive 
slots around the Inner periphery of the slator discs 
where the discs are Keyed to the torque tube, and the 
drive slots around the outer periphery of the rotor discs, 

T5 which are Interleaved between the stator discs and 
keyed to drive bars around the inside of the wheel. 
[0008] During service In a brake, friction discs are 
subjected to high stress levels, rapid rates of torque 
loading and high Impact loads over a wide range of tem- 

m perature*. particularly in aircraft multi-disc brakes. It has 
bean found that refractory carbide-carbon discs of the 
type known in the prior art are prone to failure during 
service due to their brittle nature and resulting lack of 
toughness. Such failures have been recorded in the de- 

23 velcpment of aircraft brakes and automotive brakes. 
[0009] A friction disc would Ideally combine the friction 
properties of the refractory carbide-carbon composite 
with the machinabillty of C-C. US 4,81 5,572 goes some 
way to providing such a material by onry converting the 

30 surface layers of the disc. However, the surface layers 
in the machined drive areas are also converted to car- 
bide and the converted surface layer provided only ex- 
tends to a depth of a few mm, restricting the wear life of 
the brake. 

[0010] It is one object of the Invention to provide a 
composite article comprising a carbon matrix having 
within the interior thereof refractory carbide particles in 
a defined area. A more specific object is to provide such 
a method whareby the particles are substantially indi- 
40 vidually encapsulated within deposited carbon. 

[001 1] According to the invention in one aspect there 
Is provided a method of forming a composite article com- 
prising e carbon matrix containing refractory carbide 
particles, the method comprising the steps of: 

45 

a) providing a porous matrix of carbon or carbon 
precursor material, the matrix comprising a lami- 
nate of two or more layers of the material, each layer 
having particles of a refractory carbide-forming ma- 

so terial or precursor thereof distributed over an area 
thereof; and 

b) depositing carbon within thematrtx at an elevated 
reaction temperature which i3 kept below the meit- 

55 ing point of the carbide-forming material to form e 
distribution of the ref ractory carbide particles within 
the matrix at that area. 
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[0012] Preferably the method Includes the optional 
atep of heat-treating the resulting composite article to 
graphitlee any un reacted deposfted carbon. 
[001 3] Preferably the deposition In step b) involves a 
chemical vapour Infiltration (CVI) or like process. 
[00141 One method of incorporating the refractory is 
to add it in a powdered form onto layers of carbon fabric, 
only on the area where It Is required. The powder could 
be left on the fabric or Incorporated deeper into the fabric 
by, for example, applying vibration to the fabric. Layers 
of fabric with refractory powder added are then built up, 
one on top of another, unta the required weight of ilbre 
and refractory is reached. The layers can then be com- 
pressed to the required fibre volume in a jig or by nee- 
dling. CVI or an impregnation and char route can then 
density discs to the required density. This will produce 
a disc wtth carbon fibre reinforcement and a matrix con- 
taining carbon and the refractory element. The refracto- 
ry element can read with all or a portion of the available 
carbon matrix to produce the refractory carbide either 
during densiflcatlon or after denslf Icatfon. 
[0015] Examples of refractory carbide forming ele- 
ments for incorporation into the C-C include but are not 
limited to silicon and boron, Individually or in combina- 
tion. The silicon and boron could be Incorporated in their 
elemental forma or as oxides (SiOa* eto)» the oxide 
being reduced by a carbothermlc reduction to the ele- 
mental form and reacted with the carbon matrix to form 
Che carbide. The reduction or refractory oxides by car- 
bothermic reaction is described by Jla-MIn Un et al 
("Preparation and Properties at SiC modified Carbon/ 
Carbon Composites by Cartothermto Reaction"; Jour- 
nal of Materials Science Letters, 18 (1999) 1353-1355). 
[0016] The refractory could be Incorporated Into a 
sheet with a binder or fugitive backing or produced In a 
fabric sheet form. The sheet could becuttothe required 
annular shape and interleaved between The carbon fab- 
ric layers. The refractory sheets could, for example, be 
Interleaved between every layer of carbon fabric, be- 
tween every other layer or at whatever interval frequen- 
cy is required to give a predetermined concentration of 
refractory in the finished composite. The binder or fugi- 
tive backing could be burnt off to leave no residue during 
the heating stage of the densiflcatlon cycle, or In a sep- 
arate heating process prior to the start of the densifica- 
tlon cycle. 

[0017] To aid denslflcation and/or conversion of re- 
fractory element to carbide, Lhe binder or fugitive back- 
ing could also incorporate a carbonaceous phase such 
as a pitch and/or phenolic resin, for example. Such ma- 
terials could be carbonised prior to densiflcatlon if re- 
quired. In addition, or alternatively filler material such as 
graphite powder or carbon black could be incorporated 
Into the binder or fugitive backing with the refractory el- 
ement. Temperatures selected during processing can 
result in the refractory and or refractory carbide being 
present In the solid or liquid phase allowing diffusion and 
reactions with the carbon matrix to proceed under solid 
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state or liquid state diffusion conditions. 
[0016] In another aspect there is provided an article 
comprising a carbon matrix having within the interior 
thereof refractory carbide particles, which are eubstan- 

5 tlally Individually encapsulated within deposited carbon, 
roots] p re f era biy the refractory carbide particles are 
distributed to form at least one hard-wearing friction re- 
gion and at least one machinable region. 
[00201 In another aspect the invention provides a 

10 method Of forming a composite article comprising car- 
bide panicles in a matrix, the method comprising the 
steps oN 

a) providing a porous matrix comprising a laminate 
is of two or more layers of carbon or carbon precursor 
material, each layer having paitictes of a carbide- 
Tormlng material or precursor thereof distributed 
over an area of the matrix; 

20 b) depositing carbon within the matrix at an elevated 
reaction temperature which is kept below the melt- 
ing point of the carbide-forming material whereby 
the carbide forming material is converted in th e solid 
state to the carbide to form carbide particles within 

23 the matrix at that area. 

[0021] Embodiments of the invention will now be de- 
scribed by way of example only with reference to Fig- 
ures 1 to 3 of the accompanying drawings, wherein: 

30 

Figure 1 is a diagrammatic cross-section showing 
a laminate within a CVI apparatus; 

Figure 2 is a micrograph showing carbon deposited 
35 around continuous and staple fibres in the product 
formed In the apparatus of Figure 1 ; and 

Figure 3 is micrograph showing silicon carbide in 
the carbon matrix of the above product 

40 

[0022] Referring to Figure 1 , a CVI deposition cham- 
ber 2 is provided with two opposed graphite plates P1 
and P2 which clamp a laminate of 29 layers L1 to L2S 
of non-woven polyacrylonrtrilc (PAN) fibres, each layer 
being held together by a needled staple layer. Thefabric 
Is as described in GB 2,012,671. Each layer (s in the 
form of a disc or diameter 83 mm and 1 g of silicon pow- 
der granules 1 1s provided on the upper surface of each 
layer excepi uppermost layer L29 In a central region Z 

SO of diameter 51 mm. 

[0023] This stack of doth layers is clamped between 
graphite plates Pi and P2 to a thickness of 35 mm to 
give a fibre volume of 20% before being subjected to a 
300 hour CVI densiflcatlon cycle using a methane based 

55 gaseous precursor under conditions known In the art. 
[0024] The selective conversion with the refractory 
carbide-forming elements Is carried out by incorporating 
the refractory element in the selected domains in the 
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body of the composite disc prior to densificatlon. The 
denslflcation process then 'encapsulates' the refractory 
to prevent it from diffusing or migrating through the com- 
posite at temperatures above the melting point of the 
refractory and/or refractory carbide. 
[00251 After densificatlon the composite ia removed 
from between the clamping plates, weighed and the 
density calculated. The composite is then heat-treated 
to temperatures In excess or 2000°C in known manner 
to graphitise the carbon deposit to optimise thermal 
properties in the composite before being weighed again 
tor density calculation. 

[0026] CV1 Is carried out below 141 0 B C, the melting 
point of silicon, and heat treatment is carried out below 
27QQ°C, the sublimation temperature of silicon carbide. 
[0027] The Invention is further Illustrated by the fol- 
lowing examples: 

Example 1 

[0028] A laminate was assembled and processed by 
the method described above using silicon powder 
screened to a 6lze of less than 63 micrometre. The den- 
sity after CVl was 1 74g/cm 3 and the density after the 
final heat treatment was 1 .71 g/cm 3 . 
[0029] Micro examination of the resulting sample 
(Sample I) was then carried outto confirm that the eWcon 
had remained in the region of the sample where it had 
been placed on the cloth layers. Micro examination was 
carried out under polarised lightto detect any optical ac- 
ttvrty of the carbon deposit that would Indicate the highly 
graphitisable structure normally obtained with CVl den- 
sificatioh. 

[0030] Figure 2 Is a micrograph showing an area of 
the Sample 1 composite In the region between the out- 
side edge and where the silicon powder had been 
placed. Optically active carbon deposit 11 can be seen 
as light coloured areas around the staple fibres 12 and 
the bundles of continuous fibres 1 3. 
[0031 ] Figure 3 shows an isolated silicon carbide par- 
ticle 21 in the Sample I composite. The particle clearly 
shows a deposit of carbon 22 that has grown around it 
to encapsulate the particle. Further carbon deposits 23 
on staple fibres can also be seen. This encapsulation 
prevents the silicon from migrating through the C-C as 
it would using conventional siliconising techniques. 
Generally the particles are more densely packed togeth- 
er in the composite than this micrograph would suggest 



that conversion of the silicon to silicon carbide has oc- 
curred in the solid state condition, not In the liquid state. 
Some or all of the reaction to form silicon carbide may 
have occurred during the deposition cycle and not dur- 
5 Ing the heat treatment cycle. This suggests a solid state 
diffusion process is operating as carbon Is deposited on 
the silicon particles during the 300 hour CVl cycle. 
[0034] Micro examination of the composites showed 
that the silicon had remained in the volume of the com-. 
10 posit© in which It had been placed- Deposition of carbon 
during the CVl process had encapsulated the particles 
and resulted in conversion to silicon carbide In situ. Tne 
silicon had not penetrated into the porosity and fibre 
bundles as seen in prior art siliconising techniques, re- 
ts suiting in a tougher composite with good machinabirrty 
in the areas where silicon had not been Incorporated. 
[0035] In each case a central wear-resistant region 
(corresponding to regions (Z)) was formed wiLhin a pe- 
ripheral C-C region which could be readily machined, e. 
20 g. to form a disc brake for an aircraft 

[0036] The Invention is not limited to the embodiments 
above. The Invention is applicable to other method of 
densificatlon and processing conditions known in the 
art. The invention is not restricted to brake discs for air- 
as craft and could be applied to other friction applications 
such as automotive and train clutches and brakes, or 
applications where refractory carbide-carbon compos- 
ites require the toughness associated with the C-C. 
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Claims 



1 . A method of forming a composite article comprising 
a carbon matrix containing refractory carbide parti- 
es cles, the method comprising the steps of: 



a) providing a porous matrix of carbon or car- 
bon precursor material, the matrix comprising 
a laminate of two or more layers of the material, 
each layer having particles of a refractory car- 
bide-forming material or precursor thereof dis- 
tricted over an area thereof; and 



40 



45 



b) depositing carbon within the matrix at an el- 
evated reaction temperature which Is kept be- 
low the melting point of the carbide-forming ma- 
terial to form a distribution of the refractory car- 
bide particles within the matrix at that area. 



Example fl 

[0032] The method of Example I was repeated using 
silicon powder screened with a mesh size of +1 50 to 250 
micrometre. Micrographs of the resulting sample (Sam- 
ple 2) slmliarto those of Figures 2 and 3 were obtained. 
[0033] While we do not wish the invention to be limited 
In any way by the following theory, the angular shape of 
the silicon carbide particle seen in Rgure 3 suggests 



so 2. A method according to Claim 1 , wherein the depo- 
sition in step b) Is a chemical vapour infiltration 
(CVl) process. 

3. A method according to Claim 1 or Claim 2, wherein 
99 the matrix com prises carbon fibre or a precursor 

thereof. 

4, A method according to any preceding Claim, includ- 
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ing the step of locating the carbide forming material 
or a precursor thereof at a location to define a 
machinable surface area. 

5. A method according to Claim 4, inducing the sub- s 
sequent etep of machining the machinable surface 
region, 

6. A method according to any preceding Claim, includ- 
ing the subsequent step of forming the composite to 
article Into a friction disc. 

7. A method according to any preceding Claim, where- 
in the refractory carbide forming material Is boron 

or silicon or a precursor thereof. ,5 

8. A method of forming a composite article comprising 
carbide particles In a matrix, the method comprising 
the steps of: 

20 

a) providing a porous matrix comprising a lam- 
inate comprising two or more layers of carbon 
or carbon precursor material, each layer having 
particles of a carbide-forming material or a pre- 
cursor thereof distributed over an area of the 25 
matrix; and 

b) depositing carbon within the matrix at an el- 
evated reaction temperature which te kept be- 
lowthe melting point of the carbide-forming ma- &> 
tertal whereby the carbide-la rmlng material is 
converted in the solid state to the carbide within 
the matrix at that area. 

9. An article comprising a carbon matrix having within & 
the interior thereof refractory carbide particles, 
which are substantially Individually encapsulated 
within deposited carbon. 

1 0. An article according to Claim 9. wherein the refrac- 
tory carbide particles are distributed to provide the 
article with at least one hard-wearing friction region 
containing the refractory carbide particles and at 
least one machinable region. 

43 

11- An article according to Claim to, wherein the at 
least one machinable region provided with a ma- 
chined surface. 

12. An BJTlcle according to any of Claims 9 to 11, where- *> 
in the matrix is composed of C-C material. 

1 3. An arttate according to any of Claims s to 1 2, where- 
in the refractory carbide particles are silicon carbide 

or boron carbide particles. 55 

14. A composite article according to any of Claims 9 to 
13, shaped as a friction disc for an aircraft brake. 
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